A composite film based on Tungstophosphate and Alizarin Red (AR) was preparation on quartz and F-doped SnO 2 substrates by the layer-by-layer selfassembly technique (LbL). The as-prepared film was investigated using UV-vis spectroscopy and electrochemical measurement. The electrochemical behavior was studies using cyclic voltammetry (CV) in HAc-NaAc buffer solution (pH = 4). The composite film exhibited high transmittance contrast of 29% and coloration efficiency of 66 cm 2 /C at 650 nm. Furthermore, the multilayer film shows adjustable color and undergoes transitions from red to dark purple-blue.
INTRODUCTION
Polyoxometalates (POMs) represent a well-known class of transition metal oxide nanoclusters with interesting structures and diverse properties, which shows greater potential for electrochromic (EC) applications [1] [2] [3] . They can accept electrons giving rise to mixed-valence species, which displays blue color at the reduced state. In recent years, much effort has been dedicated to improve the EC performances via the addition of another auxiliary material. Liu [4] .
In this paper, we successfully prepared a multilayer film consisting of tungstophosphate and alizarin red (AR) using LbL method. The composite film exhibits high optical contrast, fast response time and high coloration efficiency. In addition, with the increase of the applied potential, obvious color changes from dark red to purple blue. It can be helpful for developing tunable electrochromic devices.
EXPERIMENTAL DETAILS
F-doped SnO2 transparent conducting glass substrates (FTO) were purchased from Nippon Sheet Glass. Tungstophosphate was prepared according to the literature method and identified by cyclic voltammetry. 3-aminopropyltrimethoxysilane (APS), poly(ethylene imine) (PEI) and alizarin red (AR) were used without further purification. Electrochemical performances were performed on CHI 660E electrochemical workstation with three electrodes system (Chenhua Instrument Factor). UV-vis spectra were recorded using a TU-1901 PERSEE UV-vis spectrophotometer.
First, the substrates were modified by PEI and PSS solution as precursor films. Then the substrates were dipped into the PEI (5×10-3 mol/L), POM (5×10-3 mol/L), PEI for 7 min and AR (1.5×10-3 mol/L) for 10 min, respectively. After each adoption cycle, water rinsing step was performed. This cycle was repeated until the desire number of cycles (expressed as POM-AR) was obtained.
RESULTS AND DISCUSSION

UV-vis Absorption Spectra
The LbL assembling process of [POM-AR]n films can be monitored by UV-vis spectra. Figure 1 shows the UV-vis absorbance spectra of [POM-AR]n films (n = 1-10) on quartz substrate. The composite film displays two bands at 264 and 486 nm. They are corresponding to the characteristic absorption of POM and AR bands, respectively. The inset in Figure 1 exhibits the plots of the absorbance values at 264 and 486 nm, suggesting that the growth of each cycle is uniform. Coloration efficiency (CE) is an important criterion for investigating the electrochromic performances of the composite film. It can be evaluated by the equations CE = ΔOD (λ)/(q/s) = log (T b /T c )/(q/s) [5] . Figure 3 shows the plots of optical contrast at 650 nm versus the extracted charge density. The calculated value of CE for [POM-AR] film is 66 cm 2 /C, which is higher than other EC materials [6, 7] .
CONCLUSION
A new composite film based on polyoxometalate and AR was successfully prepared by LbL technique. The multilayer film displayed well EC properties with high optical contrast, fast switching time and high coloration efficiency. In addition, the film is found to switch from red to purple blue, because POM is reduced to different extent blue colors. The nanocomposite film can be a promising candidate for application in tunable EC materials. 
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